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Germany

The electrode sheath voltage and the electrical field strength are measured in high-pressure
argon, xenon and mercury discharges. There are significant differences in the shape of the ESV of
mercury discharges compared with the rare gases.

1. Motivation extrapolation to zero for the electrode gap. The

underlying assumption is that the arc voltage Uýc is

High-pressure discharge (HID) lamps have a widespread composed of the column voltage (field strength E times

application in lighting because of their high luminous gap length ) and the ESV (UA+C):

efficacy. A main problem in the operation of such lamps U,, = E X I + UA+C.
is a shortening of the lamp life due to a blackening of E(
the lamp wall. The deposited material comes from the ] discharge tube
erosion of the electrodes and can also lead to the U

destruction of the electrode. The processes in the plasma electrodes Uarc

sheaths near the electrodes are responsible for heating t u-
and the undesirable erosion of the electrodes. - arc

The electrode design and the operating conditions are
decisive for the properties of HID lamps. For instance,
the power loss in the sheath near the electrodes is not
negligible. This is true especially for low-power lamps. UA

The corresponding electrode sheath voltage (ESV) is VA UA+c

strongly influenced by the electrode material, the elec-I
trode design and the plasma composition. To reveal this 1--moved by
influence partially, the ESV is measured in high-pres- stepping motors
sure argon, xenon and mercury discharges.

2. Experiment Fig. 1: Schematic view of the experimental set-up for the

determination of the electrical field strength and ESV.
The experiments in Ar and Xe are performed in the
model lamp developed in Bochum [1]. Fig. 1 shows the For the experiments in Hg we used lamps with different
schematic view of the experimental set-up. The dis- electrode-gap lengths but with otherwise identical geo-
charge tube is made of fused silica (Oi = 9 mm). Elec- metric and filling conditions for obtaining a very similar
trode holders are inserted into the ends of the discharge arc plasma [2, 3]. The lamps are operated vertically,
tube and contain the tungsten electrodes (0 = 0.5 - have an inner diameter of 16 mm and electrode gaps
I mm, 1= 13 mm). between 28 and 60 mm. The thoriated tungsten elec-
The electrode holders can be moved in the tube by step- trodes have a diameter of 0.7 mm and are surrounded by
ping motors and therefore the electrode distance can be a tungsten coil.
varied during operation. The arc length was varied The similarity was checked by determining plasma tem-
between I and 30 mm. The tube was carefully evacuated perature and pressure from spectroscopic measurements
before the measurements and then filled with argon or of the Hg lines 546 nm and 577/579 nm and the wall
xenon at pressures between I and 3 bar. temperature with a pyrometer (Varioscan, Jenoptik).
For determining the electric field strength and the ESV All discharges were operated with a 50 Hz sinusoidal
in discharges, the used method consists of a voltage current delivered by a current amplifier (FM1295,
measurement at discharges with different lengths but Feucht).
with otherwise identical properties of the plasma Simultaneously to the spectroscopic measurements pic-
column. The electric field strength was then derived tures of the electrode region are taken with a camera
from the slope in a plot showing voltage versus gap (Flashcam, PCO) to control the position of the arc spot
length. From the same graph, the ESV was obtained by at the electrode surface.
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The temperatures along the electrodes were determined of more than 10 V which occurs around 2 ms after cur-
by a pyrometer (IS 10, impac) in the spectral range from rent zero [5].
0.7 to 1.1 pm. The input power from the plasma to the Neither Xe nor Ar show such a strong time dependence.
electrodes can be determined from the recorded T-slope. The ESV curves of the rare gases are more flat and only

Ar shows a small dip in the ESV in the beginning of

3. Results current flow. A similar behaviour can be seen for Hg
discharges at 5 kHz [3].

The measured electrode sheath voltage and the electrical The pronounced "ignition" peak is due to the fact that in

field strength for a Xe discharge are shown in figure 2. the Hg discharge a spot mode occurs at the electrode

For a better illustration the sinusoidal current is plotted whereas the rare gases show a diffuse mode in this pa-

too. ESV and field strength are time-dependent. After rameter range. For lower discharge currents in rare gases

current zero a jump of ESV and field strength is also a spot mode occurs and the ESV has in that case

followed by an increase of the values leading to a also a higher ignition peak as in the Hg discharge but no

maximum of the field strength of about 8 V/cm at 1.5 ms minimum.

followed by a slight decrease until the change of
polarity. The ESV has its maximum of 16 V at 2 ms and
the following decrease is similar to that of the electric
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